Personality impressions of robots have been regarded as one of the crucial factors in human-robot interaction. To design the personality impressions, we should know how the visual, auditory, and tactile impressions determine the personality impressions. In this study, we investigated the relationships between touch sensations and personality impressions with a child-type android robot in two conditions where 40 Japanese participants touched a part of the robot with different appearance of the face. Factor and path analyses were conducted on the evaluation scores of the sensations and impressions provided by the participants. As a result, two significant positive causal relationships (p < 0.001) were found between the Preference and Resilience touch sensations, and the Likability and Capability personality impressions, respectively, in both robot conditions. On the other hand, several other causal relationships were found only in one condition. This suggests that there are appearance-dependent and appearance-independent relationships between touch sensations and personality impressions.
INTRODUCTION
Improving a human's impression of robots is an important but difficult challenge in human-robot interaction [11, 13, 20] . One of the reasons for the difficulty in impression design is that we know empirically but not systematically how each of the several features of a robot changes the human's impression of the robot as a whole. To overcome this issue, a number of studies examined the causal relationships between robot features, such as its appearance and voice, and the personality impressions of the robot [1, 2, 10, 15, 16, 17, 19] . In contrast, touch sensations and overall impressions (or personality impressions) of robots have only been investigated independently [4, 16, 22] in most cases. The relationships between them should be investigated because the opportunities for humans to touch robots are expected to increase, and the humans' impressions are important for communication robots.
We analyzed the relationships between touch sensations and personality impressions of a robot [24] , which was a child android robot called "Affetto" [7] , by using a path and factor analyses method. They found several causal relationships between four components of touch sensations, i.e., Preference, Resilience, Smoothness, and Naturalness, and three components of personality impressions, i.e., Likability, Capability, and Vitality [24] . These components were found by a factor analysis method for evaluating scores of the touch sensations and personality impressions of the robot provided by Japanese adult participants. The found causal relationships help robot designers to decide touch sensations of their robots that give the intended personality impressions.
However, it is unknown whether the causal relationships found in the previous study are robust enough not to be eliminated or the other causal relationships are enhanced if the appearance of the robot is different from that of the one in the previous study. Therefore, in this study, we compared the differences in the causal relationships between two conditions: the Android condition, in which the face skin was set to Affetto, and the Humanoid condition, in which face skin was removed from Affetto's face.
METHOD

Participants
Forty healthy adults participated in this experiment. Twenty participants (10 females and 10 males, mean age = 21.8, SD = 1.7) were assigned to the Android condition, and twenty participants (10 females and 10 males, mean age = 22.4, SD = 1.9) were assigned to the Humanoid condition. Figure 1 shows the appearances of the child android robot "Affetto" we used in this study in the two experimental conditions. For the Android condition, we used Affetto with Permission to make digital or hard copies of part or all of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for thirdparty components of this work must be honored. For all other uses, contactits facial skin so that its face was covered with a human-like silicone rubber skin, as shown in Fig. 1 (a) . On the other hand, for Humanoid condition, we used Affetto without its facial skin so that the internal mechanisms of its face were exposed, as shown in Fig. 1 (b) . This condition setting enabled us to highlight the visual difference without changing the condition of the robot forearm which were touched by the participants. In both conditions, Affetto was set on a desk in front of a chair, on which the participants sat. Almost all the parts of the robot were covered by clothes and gloves, whereas its face and left forearm were exposed. All the joints of the robot were fixed so that its posture could be maintained when the participants touched it. Its left forearm could be replaced with each of four forearms A, B, C, and D with different surface hardness, and identical sizes and appearances. These forearms are made by silicone rubber (Dragon Skin Fx-Pro, Smooth-On Inc.) and their surface were wrapped with a thin polyurethane film (Airwall UV, Kyowa Ltd.). The hardness was measured by a durometer (ASKER Durometer Type FP, Kobunshi Keiki Co., Ltd.) and forearm A is harder than co-constructed upper arm of adult males, B, C and D is similar to forceful upper arm of adult males, the relaxed forearms of males (or the forceful upper arm of females) and the relaxed upper arm of females. 
Robot
Questionnaire
A seven-point semantic differential method (SD method) [18] was used to evaluate touch sensations and personality impressions. Two sets of questionnaires to evaluate touch sensations and personality impressions were provided to the participants. These questionnaires were composed of 19 Japanese adjective pairs for touch sensation, e.g., "Soft or Hard" and "Comfortable or Uncomfortable," and 46 pairs for personality impression, e.g., "Talkative or Reticent" and "Reliable or Unreliable." These adjective pairs were introduced in the study done by Yamashita et al. [24] . This list was created by merging several lists of adjective pairs related to touch sensations and personality impression in several studies [3, 5, 6, 8, 12, 16, 22] to collect participants' evaluations exhaustively.
Procedure
At first, the participants watched instruction movie explaining the manner of touching robot's forearm. The participants were instructed to touch and grab the exposed part of the left forearms of Affetto with their dominant hand, as shown in Figure 2 . Then, they were instructed to answer the questionnaires for touch sensations. They were then instructed to touch and grab Affetto's forearm again, and then instructed to answer the questionnaires for personality impressions. The above procedures were repeated four times with each of four forearms A, B, C, and D in a randomized order.
Data processing
We conducted an exploratory factor analysis using the maximum-likelihood with promax rotation to identify underlying factors, each of which was statistically reflected by several evaluation scores of the adjective pairs. The number of factors was determined based on the scree test and was investigated by the Bayesian information criterion (BIC) and the root mean square error of approximation (RMSEA). We conducted path analyses to find significant causal relationships between the found factors in both conditions. We employed the multivariate multiple regression model whose independent and dependent variables were the touch sensation factors and the personality impression factors. Multicollinearity among variables was diagnosed with the variance inflation factor (VIF). The model parameters were estimated by the maximum-likelihood estimation. For the above analyses, we used the R language version 3.2.2 [23] .
RESULT
Factor analysis
Factor analyses of each questionnaire extracted four and three factors in touch sensations and personality impressions, respectively. These numbers of factors were determined by inspecting the scree plot of eigenvalues. BIC and RMSEA were -350.78 and 0.067 for the touch sensation factors, while they were -3016.45 and 0.077 for the personality impression factors.
For touch sensation, we named factor 1 as "Preference," factor 2 as "Resilience," factor 3 as "Smoothness," and factor 4 as "Roundness," while for personality impression, we named factor 1 as "Likability," factor 2 as "Capability," and factor 3 as "Vitality." (Table 1 and 2). Table 2 . Factor matrix for personality impression factors; loadings higher than an absolute value of 0.70 are shown.
Path analysis
The factor scores calculated from the factor analyses were used for path analyses to investigate how each of the touch sensation factors affected each of the personality impression factors in each condition. Satisfactory goodness-of-fit index (RMSEA < 0.001) for a full model, including all of the possible paths, was achieved. Figures 3 and 4 show the path diagrams in the Android and Humanoid conditions, respectively. In each diagram, path coefficients between touch sensation factors and personality impression factors are represented. The insignificant paths (p > 0.05) were removed. The thickness of each path represents the magnitude of the coefficient. Solid and dotted lines represent positive and negative causal relationships, respectively. Multicollinearity between each touch sensation factor and personality impression factor was not observed (all VIF values were less than 5).
In the Android condition, we found that the Likability personality impression was highly improved by the Preference touch sensation (β = .918) and slightly improved by the Resilience and Roundness touch sensations (β = .092 and .181, respectively); the Capability personality impression was improved by the Resilience and Preference touch sensations (β = .773 and .172, respectively), but worsened by the roundness touch sensation (β = .388); and the Vitality personality impression was improved by the Preference, Roundness, and Resilience touch sensations (β = .349, .365, and .314, respectively).
On the other hand, in the Humanoid condition, we found only two significant causal relationships: The Likability personality impression was highly improved by the Preference touch sensation (β = .763), and the Capability personality impression was improved by the Resilience touch sensation (β = .699) 
DISCUSSION
Factor analysis
Most of the found factors in touch sensation and personality impression were consistent with the factors found in other studies although the number of the experimental conditions of the forearm and appearance were limited in this study. Shirado and Maeno [21] reported that Rough, Cold, Moist, and Hard touch sensation factors were found by a factor analysis with a variety of materials such as paper, rubber, metal, wood, leather, styrene foam, sponge and plastic. The Rough and Hard touch sensation factors were equivalent to the Smoothness and Resilience touch sensation factors found in this study, respectively. The Cold and Moist touch sensation factors, which were not found in this study, would be found to analyze causal relationships including these two factors if we prepared other forearm conditions, such as with different temperature and moistness, and the adjectives related to these factors. On the other hand, the personality impression factors found in this study were consistent to the three factors, which were Evaluation, Potency, and Activity factors, known as typically-found factors in SD method [18] . This means that the adjective list on personality impression was enough to evaluate the robot comprehensively to some extent. Adding adjectives related to Familiarity and Enjoyment would enable us to further investigate the causal relationships in more detail because the Evaluation factor was found as two factors, which were Familiarity and Enjoyment, in Kanda et al.'s study on evaluation of social humanoid robot [9] .
Path analysis
We found common significant causal relationships between touch sensations and personality impressions, which exist in both conditions. The first causal relationship was between the Preference touch sensation and the Likability personality impression. This relationship had high positive regression coefficients (β = .918 and .763 in the Android and Humanoid conditions, respectively). In other words, the Likability personality impression was improved by the Preference touch sensation in both conditions. The second causal relationship was between the Resilience touch sensation and the Capability personal impression. This relationship also had high positive regression coefficients (β = .773 and .669 in the Android and Humanoid conditions, respectively); the Capability personality impression was improved by the Resilience touch sensation in both conditions. This result suggests that these two causal relationships are more universal than the other significant causal relationships found only in the Android condition. Robot designers should be mindful of the differences in universality of the causal relationships between touch sensations and personality impressions: Universal causal relationships would be used to determine appropriate touch sensations for any other humanoid robots that give intended personality impressions, whereas non-universal ones should be investigated for each robot. Further analyses are necessary to investigate the degrees of the universalities for other types of robots including adult-type and animal robots with different movements and voices.
Several causal relationships that were significant in the Android condition were insignificant in the Humanoid condition. One possible reason of this is the weirdness of the facial appearance in the Humanoid condition, where the internal mechanisms of the face were exposed. This is because stronger attention to the weird facial appearance is considered to disturb the participants' evaluations of the robot. Collecting evaluation scores of the appearance of the robot is one of the future issues to conclude this.
Conclusion
Two common causal relationships between touch sensations and personality impressions were found in two conditions in which a child android robot had different appearances (Android condition with facial skin and Humanoid condition without facial skin). The Preference touch sensation improves the Likability personality impression and the Resilience touch sensation improves the Capability personality impression. On the other hand, other significant causal relationships were found only in the Android condition. This result suggests that two types of causal relationships exist between touch sensations and personality impressions: appearance-dependent relationships and appearance-independent relationships. Robot designers should mindful of the differences in universality of the causal relationships.
